INTRODUCTION
The high-resolution seismic imaging of western United States upper mantle structure is unsu•assed. This has been made possible through the tomographie inversion of te!eseismic P delays recorded by the many regional arrays operated within the western United States. Because P wave arrivals are easy to pick accurately and bemuse teleseismic sources are abundant, data quality is typically very good. Hence most aspects of these inversions are well resolved. A major result of western United States studies is that the upper mantle structure is highly heterogeneous, exhibiting a strong correlation with both active surface tectonism near the plate margin [ In this paper we reexamine teleseismie P delays derived from the Southern California Seismic Array. Of the western United States arrays, the data provided by this array is the most extensive (in the number and distribution of both stations and sources), and hence the structure there can be resolved be,st. The first study of southern California upper manfie structure because the observed delay pattern extends across the surface trace of the San Andreas fault. (see Figure 1 for locations of major geographic and tectonic regions of southern California.)
In a later study, Raikes [1980] examined teleseismic P arrivals from a variety of back azimuths. She used the least squares block model of Aki et al. [1977] to invert for structure above a depth of 150 km. Her results indicate that the anomalous high-velocity manfie beneath the Transverse Ranges extends to a depth of at least 150 lcm. She also found the uppermost manfie beneath the Salton Trough anomalously low in P wave velocity. Walck and Minster [1982] reanalyzed Raikes' data using a method in which wave front distortion is estimated and ascribed to a thin lens of arbitrary depth. They concluded that if all wavefront refraction is attributed to ray bending at a single depth, this depth must be greater than 100 kin, possibly much greater. Humphreys et al. [1984] augmented Raikes Hur•hreys et al. [1984] . That study included 2717 blocks 30 km on a side and 50 km deep, extending down to 525 km. We here divide the same general region into 47,175 blocks 15 km on a side and 30 km deep, extending down 750 kin. Throughout much of our inversion domain we do not have sufficient data quality to resolve structure as small as the dimensions of the blocks chosen, and hence the results need to be stabilized; however, resolution tests indicate that this small block size is meaningful within the central part of the inversion. In the following sections we discuss the travel time data, its reduction and inversion, and resolution of the inversion.
DATA REDUCTION
The raw data consist of P, PKP, and PKIKP arrival times. To reduce the data to a set of travel time delays, we apply several standard corrections. These include elevation and sediment corrections (applied in the same manner as Raikes). Most of the stations to which sediment corrections have been assigned are in the Imperial Valley, and these corrections are consistent with the results of Fuis et al. [1983] . After applying these corrections, residuals are calculated by subtracting the Herrin travel times. Next, the average delay for each event is subtracted to reduce the effect of source parameter errors. An effect of this procedure is to remove the average seismic velocity from the inversion. The average arrival is about 2 s later than predicted by Herrin, and the generally late arrivals indicate a low average velocity for southern California upper manfie. We reduce the core phases (PKP and PKIKP) differently than the direct-P arrivals because Herrin reductions consistenfiy underestimate dT/dA for these phases recorded at southern California. We correct with the Herrin tables the arrival times for a large event (mr, = 6.1) that occurred very near the southern California anfipode (A = 175ø), and we use the resulting delay map as a reference. Herrin corrections cannot introduce large error in this ease because dT/dA is known to be zero at the antipode. We then adjust the reduction value of dT/dA for each of the other core-penetrating ew.mts to best match the reference P delay map in a least squares sense.
We also apply a correction for variable crustal thickness. To do this, we calculate a correction for teleseismic arrivals by assuming (1) the Moho is located at the depth implied by the station P• time terms of Hearn [1984] and Hearn and Clayton [1986b] , and (2) the velocity contrast across the Moho is 1.2 km/s. We then remove the mean from this set of values so that they represent only variations in crustal thickness and not the delay associated with the entire crest. The average absolute value of these corrections is 0.06 s.
Actual P,• station time terms arise from variations both in crustal velocity and in crustal thickness, but time terms are much more sensitive to changes in cmstal thickness (because of its direct effect on ray length) than to reasonable variations in crustal velocities. In contrash differences in teleseismic travel time delay are not as sensitive to total crustal thickness because Moho position simply determines where the ray passes from the upper mantle into the crust and thus determines only the relative fraction of ray path in each material. On the other hand, both Pn and teleseismic arrivals are equally sensitive to crustal velocity structure. Therefore, assuming that Pn station time terms arise solely from Moho structure will underestimate the value of correction if delay actually arises from crustal structure. Therefore, if crustal structure is the cause of a delay, our crustal correction will be of the fight sign but will be too small in absolute value. Applying a crustal correction in this way, then, should not contribute erroneous signal but only possibly underestimate the value of the crustal correction. A slowness determination is made for each of the subbins, and these determinations axe then averaged to obtain an estimate of the whole block slowness. The average is calculated for each subbin using the weighting function shown in Figure 6b . This function increases the net weight of those subbins more frequenfiy hit, while it decreases the importance of the individual rays that fall within the often hit subbins. The number of hits per subbin ranges from zero to more than 100, with a median value of 3. Because this subbinning algorithm tends to average delay values over ray parameter and back azimuth, it has the desirable effect of reducing errors that might arise if the ray set samples anisotropic velocity structure. Average subbin weights of a block also can describe in a simple numerical manner the overall ray coverage of a block, or "hit quality." As a result of our subbinning algorithm, both the quantity of rays hitting a block and the distribution of rays in back azimuth and in ray parameter are important in determining the hit quality value. Values of hit quality determined this way range in value from zero for an unhit block to unity for a wellhit block. DmSng averaging, we also use the hit quality estimate to assign relative weight differences to individual blocks. By averaging in this way we do not distort the inverse; tl• weighted combination of several smaller blocks into a few larger blocks gives the same result for each iteration as would be obtained if the inversion were run originally with the larger blocks.
RESOLUTION AND ERROR
The most direct means of testing the resolution of an inversion is to first calculate the set of travel time delays that result from tracing the actual ray set through a synthetic test structure, then invert those delays as though they were data, and finally compare the synthetic inversion with the initial structure. This Figure 12 . Figure 12a shows results presented by Humphreys et al. [1984] , where relatively large blocks were used, and Figure  12b shows results using the smaller blocks discussed above. The larger-block inversion is essentially a smoothed version of the smaller-block inversion. The structure shown in Figure 12a accounts for 76% of the variance (or 51% of the RMS) of the reduced data, while the structure shown in Figure 12b feature. However, tests indicate that if a major anomaly existed at these depths, its presence would be discovered (though its amplitude may be poorly reconstructed). We find no such features at these depths beneath southern California. Because lateral seismic structure in the Salton Trough region extends no deeper than uppermost mantle (i.e., 70-100 km), we infer that the Salton Trough anomaly is largely a result of seismic velocity contrast between anomalous mantle beneath th[ Salton Trough region and more typical southern California lithosphere.
RESULTS

The inversion of the actual travel time delays is illustrated in
Tests of the Inversion
Simple test examples are constructed to simulate the ability of our method to image structure similar to that imaged beneath southern California (shown in Figures 13-16 ). These tests are not intended to imply authenticity of the details chosen; they are used simply to gauge our ability at reconstructing detail of this gener',d form. In Figure 13, a thin (60-kin) Like the crustal Transverse Ranges anomaly, the crustal Salton Trough anomaly is not located directly above its deeper counterpart but is aerially more extensive (see Figure 12) . This relationship leads us to believe the crustal Salton Trough anomaly is also authentic and not simply a projection of deeper structure to the surface. When considered in conjunction with the lack of correlation between the crustal structure depicted in Figure 12 and the upper crustal obtained by Hearn and Clayton, this anomaly suggests that major differences exist between upper and lower crustal levels in the Salton Trough region.
To test whether the Transverse Ranges manfie anomaly results from anisotropic mantle oriented so as to allow vertically traveling teleseismic phases to arrive early, we examine two events of modest incidence angle (A between 30 ø and 35 ø, with angles less than 30 ø from horizontal in the upper mantle). FRI also indicates that the mantle anomaly is confined to the region south of FRI.
SUMMARY AND DISCUSSION
We have constructed a P wave image of the upper 750 km beneath southern California. The imaged structure is associated with surface physiography and tectonics. In particular, a -60 krn wide, -3% high-velocity anomaly extends -120 km beneath the western Transverse Ranges and -250 km beneath the central Transverse Ranges. In addition, a 3-4% low-velocity anomaly underlies the Salton Trough region to depths of 70-100 kin. Figure 10 illustrates that our ability to resolve an anomalous feature depends critically upon the orientation of the feature and that good ray coverage is necessary for full reconstruction of even advantageously oriented structure. We have shown that all 
